We present a study of star forming regions and its demographics in the nearby dwarf irregular galaxy WLM using the Ultra-Violet Imaging Telescope (UVIT) multi band observations in three filters F148W, N245M and N263M. We find that the UV emission is extended at least up to 1.7 kpc, with the NUV emission more extended than the FUV. We create UV color maps ((F148W−N245M) and (F148W−N263M)) to study the temperature morphology of young stellar complexes with the help of theoretical models. We identify several complexes with temperature T > 17500 K which are likely to be the OB associations present in the galaxy. These complexes show good spatial correlation with the Hα emitting regions, H I distribution and HST detected hot stars. The hot star forming regions are found to be clumpy in nature and show a hierarchical structure, with sizes in the range of 4 -50 pc, with a large number with sizes < 10 pc. The south western part of the galaxy shows many hot star forming regions, high level of Hα emission and low column density of H I which altogether denote a vigorous recent star formation. WLM is likely to have a large fraction of low mass compact star forming regions with mass M < 10 3 M , in agreement with the size and mass of the CO clouds. We estimate the star formation rate of WLM to be ∼ 0.008 M /yr, which is similar to the average value measured for nearby dwarf irregular galaxies.
INTRODUCTION
Dwarf galaxies are the most abundant type of galaxy in the universe. These are the building blocks of the galaxy formation and evolution, and formed when the universe was very young. In the hierarchical merging LCDM paradigm, the stellar halos of the massive galaxies in the local universe are thought to have accumulated from the continuous merging of dwarf galaxies. Despite their numbers and proximity, they are still among the least understood objects. Understanding the factors that allow these dwarf galaxies to survive to the present day may explain the discrepancies between observed and predicted distribution of such galaxies in and around the Milky Way. This requires an understanding of how internal and environmental effects are expected to shape the evolution of low-mass systems like dwarf galaxies. These galaxies have low metallicity and shallow potenchayan@iiap.res.in, mondalchayan1991@gmail.com tial well, and hence understanding how star formation proceeds in such regimes is crucial to study their counterparts in the early universe (Weisz et al. 2011; Bianchi et al. 2012) . While the massive galaxies formed most of their stars in the first few Gyr, the dwarf galaxies are found to form stars over the entire cosmic time, resulting in a wide variety of star formation histories (Cignoni et al. 2018; Tolstoy et al. 2009; McQuinn et al. 2015) and specific star formation rates, ranging from nearly inactive dwarfs to very active Blue Compact Dwarfs (BCDs).
Nearby dwarf galaxies offer a unique opportunity to study star formation in a low mass and metal poor environment. Leaman et al. (2012) presented a detailed discussion on the possible mechanisms which keep the star formation alive in dwarf galaxies, despite their shallow potential well. The absence of spiral density wave makes them an ideal laboratory to understand the effect of internal triggering mechanisms, such as feed-back from massive stars (Hunter 1997) . These internal triggers mainly have localised effect in the interstellar medium of the galaxy. In order to understand these internal triggers, it is important to identify the distribution of hot massive stars in the galaxy. As the young and hot stars are easily detected in the ultraviolet (UV), the extent and structure of UV disk for any dwarf galaxy is an excellent probe to study the global star forming activities in the galaxy (Hunter et al. 2010) .
WLM is a faint dwarf irregular galaxy of the Local group, located at a distance of 995 kpc (Urbaneja et al. 2008) . It was first discovered by Wolf (1909) and later confirmed by Lundmark and Melotte (1926) and thus got the name as WLM (Wolf-Lundmark-Melotte) (Dolphin 2000) . The nearest neighbour of WLM, located 175 kpc away, is a small dSph galaxy Cetus (Whiting et al. 1999) , whereas the massive spirals (MW, M31, M33) are about 1 Mpc away (Minniti & Zijlstra 1997) . Due to its isolated location in the sky, it is believed that the galaxy has not interacted with other galaxies since its creation. This is demonstrated in the figure 1 of Leaman et al. (2012) . A study on Leo A, an isolated dwarf irregular galaxy, performed by Cole et al. (2007) showed that the star formation pattern and chemical evolution can be different in isolated dwarfs than those present in a galaxy group (Weisz et al. 2011) . The metal poor environment (logZ = −0.87, Urbaneja et al. (2008) ) of WLM has made it an ideal sample to study such isolated systems. Parameters of WLM are presented in Table 1 .
Young massive OB stellar populations are found to have intense UV continuum flux due to their high temperature. Imaging studies in UV broad bands can identify the young and massive groups of stars, whereas optical bands get contribution from the low mass stars. The UV images of nearby star forming galaxies from GALEX mission made a phenomenal contribution in the last decade (Gil de Paz et al. 2007; Karachentsev & Kaisina 2013; Thilker et al. 2007 ). The Ultra-violet imaging telescope (UVIT) (Kumar et al. 2012 ) telescope on ASTROSAT, with its superior spatial resolution is expected to provide better insight into the physics of star formation in galaxies (George et al. 2018a,b,c) .
Here, we present the details of star formation in the WLM galaxy, based on the UVIT observations in one FUV broad band and two NUV medium band filters.
Previous photometric studies find this galaxy to have a relatively metal rich younger disk with an old metal poor halo (Ferraro et al. 1989; Minniti & Zijlstra 1997; Dolphin 2000; Rejkuba et al. 2000) . Melena et al. (2009) studied the UV bright regions in 11 dwarf irregular galaxies including WLM. They detected 165 bright UV regions of the galaxy using GALEX data and estimated their age and mass, assuming them to be star clusters. The cluster formation was found to show a constant rate which stopped 22 Myr ago. They found the UV disk to be extended more than the Hα disk of the galaxy. A recent HST study by Bianchi et al. (2012) covered the galaxy in three HST pointings, and detected a rich population of young and hot stars in the 1 -10 Myr age range.
H I disk of galaxy is also well studied and found to be extended than the optical or UV disk. Kepley et al. (2007) used VLA observation to map the H I density distribution of the galaxy and found a hook like structure near the center. They concluded that the star formation propagating out from the center of the galaxy created this pattern. Using ALMA observations Rubio et al. (2015) identified several CO cloud cores in the galaxy. The presence of these low mass clouds were a new insight in such a metal poor environment, but revealed the possibility of low mass cluster formation in the galaxy.
In this study we examined the FUV and NUV emission profile of the WLM, with the help of UVIT multi band observations. We make use of the broad band FUV filter, F148W, which is similar to the GALEX FUV filter to map the FUV emission. We use two medium band NUV filters N245M and N263M, to study the NUV emission. These filters along with the FUV filter are used to make the UV color maps. One of the filters, N245M is located in the wing of the 217.5nm extinction feature whereas N263M is unaffected, which is used to address the issue of dust extinction. Here we use the FUV−NUV color to derive the temperature of the hot SF regions and estimate their temperature distribution with the help of theoretical models. This study thus provides the demographics of massive OB star in WLM. The paper is arranged as follows : The data are presented in section 2, models are discussed in section 3, effect of extinction and metallicity in section 4, analysis in section 5, followed by discussion and summary in sections 6 and 7 respectively. The UV images of WLM were obtained from UVIT onboard ASTROSAT satellite (Kumar et al. 2012) . The instrument consists of two co-aligned telescopes, each having an aperture of 375 mm. One of the telescopes observes in FUV band (1300-1800Å) while the other one observes in both NUV (2000-3000Å) and Visible. The telescopes are capable of observing simultaneously in FUV, NUV and visible bands. The visible channel is used to correct the drift pattern in the UV imaging data introduced by the satellite during the course of observation. Each of the FUV, NUV and Visible channel consists of multiple filters having different bandwidths, which indeed is unique, particularly for the UV passbands. The telescope has a 28 arcmin circular field of view with an angular resolution of ∼ 1.5 arcsec. It can resolve sources much better than GALEX (4.5 -5.5 arcsec). The in-orbit calibration of the instrument is completed using HZ4 as calibration source. We refer to Tandon et al. (2017) for all the calibration measurements adopted in this paper. The observations for the galaxy WLM were taken in three filters, one in the FUV band (F148W : 1250-1750Å) and two in the NUV bands (N245M : 2148-2710Å & N263M : 2461-2845 A). The complete observation was carried out using multiple orbits of the ASTROSAT satellite with a 90 minute period on an equatorial orbit. Data for each of the orbit were corrected for spacecraft drift using the specialized software CCDLAB (Postma & Leahy 2017) . We also corrected the data for fixed pattern noise and spatial distortion which are intrinsic to the detector (Postma et al. 2011; Girish et al. 2017) . All the images of respective filters are then flat-fielded, co-aligned and combined to produce deeper images which are shown in Figure 1 . The final exposure time obtained for the filters F148W, N245M and N263M as well as the filter characteristics are tabulated in Table 2 . The UVIT images have slightly less than twice the GALEX exposure times of WLM (Melena et al. 2009 ). All images have 4096×4096 pixel dimension with 1 pixel corresponding to 0.4125 arcsec which is equivalent to ∼ 2 pc at the distance of WLM. Since there are not enough FUV bright field stars available in the UVIT field of view (Figure 1) , we used the model PSF image for F148W filter created for the galactic globular cluster NGC 1851 . In case of two NUV filters the model psf were built from the field stars present in the UVIT field. The FWHM of the model psf for both F148W and N263M filter, which are primarily used in our analysis, is 1.5 . The image in N245M filter, which is mainly used for comparison, has a psf of 1.7 .
We have also used Hα image of the galaxy observed with CTIO 4.0 meter telescope (Massey et al. 2007) and neutral hydrogen (H I) map from VLA telescope (Kepley et al. 2007 ) in our study. Both the images were obtained from NASA Extra-galactic Database (NED).
THEORETICAL MODELS
As we plan to identify hot star forming regions based on the UV colors, we need to establish a relation between the UV colors (i.e., the flux ratio between UVIT filters) and temperatures. We used Castelli & Kurucz (2004) stellar models that offer stellar spectrum for different temperature between 3500 -50000 K, for deriving the above relation. For a fixed temperature, individual spectra are available for different surface gravity (log(g)) and metallicity (log(Z)). We fixed the metallicity as log(Z)= −0.5 (which is close to that of WLM (Urbaneja et al. 2008) , Table 1 ) and surface gravity log(g)= 5.0 and selected 13 spectra in the temperature range 3,500 -50,000 K. The spectra are then convolved with the effective area profile of UVIT filters to calculate the expected flux .
We created diagnostic plots as shown in Figure 2 (blue curve) by taking the ratio of fluxes for two different combinations of filters (i.e. F lux F 148W /F lux N 263M in Figure (a) and F lux F 148W /F lux N 245M in (b)). The other curves in the same plots are generated after including the effect of extinction according to different extinction laws, which is discussed in the next section. These curves are used to estimate the temperature distribution as well as in identifying the potential locations of OB associations.
We further used starburst99 simple stellar population (SSP) model (Leitherer et al. 1999 ) to generate diagnostic diagrams shown in Figure 3 to characterise the identified compact star forming regions. Starburst99 is a spectrophotometric SSP model for actively star forming galaxy. We obtained starburst99 model data for the parameters listed in Table 3 . We assumed the star formation to be instantaneous for the estimations. IMF value is taken to be 1.3 (for 0.1 M to 0.5 M ), 2.3 (for 0.5 M to 120 M ) (Kroupa IMF) (Kroupa 2001 ) with stellar mass limit as M low = 0.1M and M up = 120M , which are appropriate for studying SSP up to a few 100 Myr. We produced model grids for F148W magnitude as a function of (F148W−N263M) color. In order to convert the model generated fluxes to magnitude values, we adopted a distance of 995 kpc (Urbaneja et al. 2008) for WLM. We considered four different values for the total cluster mass (10 6 M , 10 5 M , 10 4 M , 10 3 M ) and a fixed metallicity of Z=0.004, to generate Figure 3 . The dashed lines are generated by adding the extinction and reddening to each of the actual model curves (continuous lines) shown for different masses. Points shown in each curve signify different ages from 1 to 900 Myr (increasing along the color axis). From Figure 3 we find that, The behaviour of extinction curve in the UV region shows a noticeable variation for different external galaxies. It is observed that the extinction coefficient in FUV and NUV changes from galaxy to galaxy or even within a galaxy. The 2175Å bump is an important feature of the Galactic extinction curve and it also shows characteristic variation for external galaxies. Gordon et al. (2003) reported the differential nature of extinc- Table 3. tion curve in UV for the galaxy LMC, SMC and Milky way. Therefore it is important for us to first understand the nature of extinction law which applies for the star forming regions of WLM and second to understand how the flux in UVIT filters are affected by the extinction law. In Figure 4 we show the behaviour of different extinction laws such as Fitzpatrick law (for Milky Way) (Fitzpatrick 1999 ), Calzetti law (for starburst regions) (Calzetti et al. 1994) , average LMC, LMC 30 Dor and SMC bar (Gordon et al. 2003) along with the UVIT filter profiles. The data for the extinction curves are obtained from the extinction calculator (McCall 2004) available in NED website. It is quite clear that the N245M filter profile partially overlaps with the 2175Å bump of the extinction curve. Assuming the average value of R λ within the bandpass of each filter, and adopting E(B−V) = 0.082 (Gieren et al. 2008) , we estimated the extinction value (A λ ) for different extinction laws using the general transformation law given in equation 1. The extinction corrected flux ratios after incorporating different extinction laws are shown in Figure 2 . Since the behaviour of extinction in UV for extra-galactic study is highly debated, the simulated plots in Figure  2 highlights the possible uncertainty in the estimated temperature for a fixed flux ratio.
In their study of the properties of HST identified stars, Bianchi et al. (2012) concluded that the most suitable extinction law for the star forming regions of WLM is the average LMC type (Gordon et al. 2003) . In our study we adopted the UV extinction of WLM to be average LMC type and calculated the value of R λ and A λ for all three UVIT filters which are given in Table 4 .
Considering the possibility of a spread in the metallicity across the star forming regions, we explored the effect of metallicity in the estimated temperature. It turns out that as log(Z) changes from −0.5 to −1.0, the corresponding change in the flux ratio for different temperature is found to be negligible ( Figure 5 ). The metallicity of WLM, measured from a spectroscopic study of blue supergiants present in the galaxy, is reported to be −0.87 by Urbaneja et al. (2008) . As the effect of metallicity is not very sensitive on the derived temperature, we consider log(Z) = −0.5 for the Kurucz model spectra.
5. ANALYSIS
Extent of UV emission
We consider the F148W band image to study the extent of UV emission in WLM, which in turn traces the expanse of hot and young massive stars. The FUV emitting regions as shown in Figure 1 are found to be highly structured. Many regions could be massive complexes comprising of a large number of smaller groups, which are not resolved in our images, while some are found to be much smaller, suggestive of smaller groups, and in a few cases individual association of OB stars. In order to locate the brightest and hence massive complexes, we created a low-resolution map of size 512×512, where each pixel corresponds to 3.3 arcsec which is equivalent to ∼ 16 pc at the distance of WLM. Each pixel value of the image denotes the integrated count of a stellar group having size ∼ 16×16 pc 2 . As we target to locate large complexes and their sizes, we created contours by fixing the lower and upper limit of flux values which are given in Table 5 (shown in Figure 6 ). The blue contours show pixels brighter than 20 magnitude. These are the most luminous star forming complexes present in the galaxy. We find that at this FUV magnitude, the contributing compact star forming regions are likely to be more massive than 10 3 M (see Figure 3) . The counts per second (CPS) corresponding to this FUV magnitude is 0.16 and there are only a few regions which have CPS more than figure 6 ). We are able to identify three luminous (extended) regions which are shown in blue. The green and red contours, which signify relatively less bright regions, are found to be present around these regions, suggestive of a hierarchical structure. The yellow contours generated for pixels fainter than 22 magnitude and brighter than 23 magnitude portray the overall extend of the FUV emission.
We further studied the structure of emission in two NUV images (N245M and N263M). Using similar 512×512 images, we generated contours for pixels brighter than 23 magnitude for both the NUV images. For comparison, the blue, green and red contours generated for images in F148W, N245M and N263M band respectively are over laid on the N263M image ( Figure 7) . It is clearly seen that the extent of UV emission gradually increases as we go towards longer wavelengths. The red contours, signifying the emission in NUV N263M filter, are found to be stretched more outward than the green (N245M) and blue (F148W) contours. The FUV emission, traced by the blue contours, is found to be present inside the extent of both the NUV emission (green and red contours). As the contours shown above are likely to be affected by extinction, we apply the extinction correction and reproduce the contours. Applying the average LMC law for extinction (Gordon et al. 2003) , the extinction corrected magnitudes are 23.80, 23.69 and 23.58 magnitudes, for F148W, N245M and N263M filters, respectively. The blue, green and red contours shown in Figure 8 are generated for the above magnitudes in F148W, N245M and N263M filter images respectively. Again the morphology of FUV and NUV emission are found to be similar to Figure 7 . The NUV emission as traced by N263M filter is found to be more extended in Figure 8 than in Figure 7 . As the FUV traces hotter and massive population, when compared to the NUV, it is clear that these are located in the inner part of the galaxy, whereas relatively cooler less massive stellar populations are present in the outer regions. 
Luminosity density profile
The radial variation of luminosity density in UV conveys the characteristic distribution of star forming regions in any active galaxy. Since WLM is observed in one FUV and two NUV filters of UVIT, we constructed the radial surface luminosity density profile in all the filters. Assuming the inclination and position angle of the galaxy (Table 1) , we estimated the galactocentric distance to each pixel in all the three images, using the relation given in van der Marel & Cioni (2001) . Starting from the galaxy center (RA and Dec given in Table  1 ), we considered annuli of width 0.1 kpc and measured the total CPS in each individual annuli, up to a radius 2 kpc. The total CPS value is then corrected for background and extinction. The average background in CPS/kpc 2 in all the three images are calculated by con- Surface Luminosity density (erg/sec/pc 2 ) F148W N245M N263M Figure 9 .
The profile for surface luminosity density (erg/sec/pc 2 ) with galactocentric distance in kpc for three UVIT filters. The UV emission of WLM is found to be extended at least up to a radius 1.7 kpc. The shaded region corresponding to each curve shows the 5σ photometric error whereas the error bars (bottom right) represents 5σ error due to the present uncertainty of adopted zero point magnitudes.
sidering three similar annuli of width 0.1 kpc from radius 2.5 kpc to 2.8 kpc. The luminosities in each annuli are then estimated by assuming the distance to WLM as 995 kpc, and considering respective value of unit conversion factor and bandwidth of each filter from Table 2 . The surface luminosity density (erg/sec/pc 2 ) as a function of radius is shown in Figure 9 . The luminosity density in all three filters shows a dip in the central part of the galaxy and peaks around 0.4 kpc (in F148W it is ∼ 0.5 kpc) from the center, which signifies that the star formation is relatively less active near the center of WLM. Beyond 0.4 kpc it decreases again towards the outer part of the galaxy. In order to investigate the relative flux variation between the far and near UV, we further plotted (F148W − N245M) and (F148W − N263M) radial color profile in Figure 10 . From center to 0.5 kpc, both the colors become bluer with radius. After 0.5 kpc the trend changes and the colors start becoming redder with respect to the value at 0.5 kpc. Beyond 1 kpc the colors become redder, than the average value in the inner 1 kpc. Again (F148W − N263M) color is found to be bluer than (F148W − N245M) in the inner 1 kpc region whereas it becomes almost similar outside 1 kpc. This fact can be interpreted as the outer part beyond 1 kpc has a relatively large extinction and/or less number of massive stars when compared to the inner part. The variation of (F148W−N245M) and (F148W−N263M) color is shown with galactocentric distance in kpc. Both the profiles remain nearly flat in the inner 1 kpc whereas an upturn is noticed for the outer part beyond 1 kpc. The photometric errors are shown in the profile and the error bars displayed in the bottom right corner signify the error due to the uncertainty in zero point magnitudes. We use the FUV and NUV images to create UV color maps, to trace the temperature profiles of star forming regions. All the three images are first co-aligned and normalized with respect to their exposure time. The image in F148W filter is divided by the images in N263M and N245M filter to create F148W/N263M and F148W/N245M images respectively. The pixel value of each of these resultant images is actually the CPS ratio in the respective filters. We infer the temperature corresponding to each pixel of F148W/N263M (or F148W/N245M) image with the help of Figure 2 . We consider the black curve, which is generated according to average LMC type extinction law (Gordon et al. 2003 
UV color maps

(F148W−N263M) color map
We first considered (F148W−N263M) color map to investigate the temperature profiles of the star forming regions. Considering the black curve of Figure 2a, we fixed different upper and lower limits of flux ratio for creating different sets of contour signifying different ranges of temperature which are listed in Table 6 . We adopted a smoothness of 2 pixels (∼ 4 pc), which helps to trace smaller regions as well. We divided the galaxy in five different regions and designated them as R1, R2, R3, R4 and R5. Their locations are shown in Figure  11a . We adopt the same temperature used by Bianchi et al. (2012) to classify the regions. The blue contours signify regions with very high temperature (T > 35000 K, corresponding to early O type stars) while red contour indicates an intermediate temperature (25000 K < T < 35000 K, late O type stars) and relatively low temperature (17500 K < T < 25000 K, early B type stars) regions are shown in green contour (Table 6 ). Regions which are not covered by any of these three contours are suggestive to have temperatures less than 17500 K. The regions R1 to R5, with overlaid contours are shown in Figure 11b to 11f. Thus the regions covered by these contours are occupied by OB stars. The high temperature regions (blue contour) are found to be enveloped by relatively lower temperature regions (red and green contours) throughout the galaxy. These show the hierarchical structure of actively star forming regions.
The south-western part (R1) is found to have several high temperature regions (blue contour) of different sizes. Though the regions have irregular shape, an approximate size can be assigned by measuring their longest dimension. The largest high temperature complex identified in R1 is L-shaped, with a north-south extend of ∼ 50 pc, and an east-west extend of ∼ 40 pc. The width of the region is in the range, ∼20-30 pc. This is the largest massive complex in WLM. We also found nearly 10 regions of size > 20 pc. The smaller regions (< 10 pc) are more scattered and large in number, with smallest of them with sizes ∼ 4 pc. The red contours signifying intermediate temperature are found to connect several hot regions (blue contour) and form knotted structures. It is also noticed that the number of smaller (∼4 pc) low temperature regions are more than similar size hotter regions. The nature of temperature gradient around each hot star forming region (blue contour) is clearly depicted by the red and green contours present around them.
The region R2 is assigned to the southern part of the galaxy. We identify three high temperature regions of size ∼ 30 pc, and a large number of smaller regions with sizes < 10 pc. One clumpy hot region is identified at the extreme south of the galaxy, which appears to be
(e) (f) Figure 11 . The (F148W−N263M) color map of the galaxy is shown with different plotted contours. Figure (a) shows the whole galaxy along with the specified position of five regions R1, R2, R3, R4 and R5. The blue, red and green contours are generated for different flux limits signifying different temperature ranges as mentioned in Table 6 . The background image shown here is smoothed and the gray scale denotes the logarithmic value of the CPS ratio for the smoothed image. We have shown zoomed in images for regions R1, R2, R3, R4 and R5 in Figure (b) , (c), (d), (e) and (f) respectively. The blue contoured regions denote the hotter regions of the galaxy.
almost detached from the main body of the galaxy. The eastern part of the galaxy (R3) is found to have more number of larger-sized high temperature regions, with 8 complexes of size larger than 20 pc and one region extending up to ∼ 50 pc in length. These 8 complexes are spatially isolated from each other and distributed along the south-west to north-east direction. Around some of these large complexes, we noticed smaller (< 10 pc) hot regions which are connected by red contours. The scenario of R4 (north and north-western part) region is a little different. Though the region has a larger spatial extent than the rest, we do not detect any large structure with very high temperature, rather an abundance of structures scattered all around. We also identify two locations (one along north and another along west) with increased number of scattered structures. The extreme northern part of the galaxy (R5) does not show any high temperature region except two or three isolated hot star forming clumps.
Therefore the star forming regions of WLM are found to have an overall hierarchical structure with hottest cores surrounded by relatively less hotter regions. It is also clear that the young star forming regions are fragmented and clumpy in nature.
(F148W−N245M) color map
In order to explore the effect of differential extinction inside the galaxy and to study the detected hot star forming regions further, we performed the same exercises for color map (F148W−N245M) (i.e. F148W/N245M image). The model generated diagram for tracing the temperature in (F148W−N245M) color map is shown in Figure 2b (blue curve). The UV color image with the overlaid contours are shown in Figure  12a . The expanded view of R1, R2, R3, R4 and R5 regions are shown in Figure 12b to 12f. It is natural to expect the shape and distribution of the identified hot star forming regions to be similar in nature in both the color maps. We notice that, though the overall distribution of hot star forming regions in both the color maps matches in general, a closer look reveals a more fragmented structure in the (F148W−N245M) color map. The larger complexes detected in (F148W−N263M) color maps are noticed to split into smaller regions in (F148W−N245M) color map. This could happen because of two reasons. The differential behaviour of 2175 A bump inside the galaxy can change the effective extinction value which affects the observed flux value in N245M filter. This in turn can produce the structural differences of star forming regions between the two color maps. The same effect can also be produced by a clumpy distribution of hot stars, which have more flux in N245M filter. Thus, we conclude that either the young and hot stellar groups or the dust or both of them present in WLM have a clumpy distribution.
Correlating with Hα and H I maps
We correlate the spatial distribution of UV detected high temperature regions in the color map (i.e. (F148W−N263M)) with Hα and H I image of the galaxy. Since Hα radiation mainly comes from gas ionised by massive and hot OB type stars, it is expected that the UV detected high temperature regions will show a good spatial correlation with Hα emitting regions. In Figure  13 , along with the contours (blue and red) created in (F148W−N263M) color map, we have shown the Hα emitting regions of the galaxy in cyan contours. Almost all of the high temperature regions detected in R1, R2, R3 and R4 appear inside the cyan contours, which indeed signifies a good spatial correlation between them. In the R1 region, we notice a hole in the Hα map which does not have any detected UV hot region near its center, though we detect a few smaller hot regions within the hole. We identify a large number of hot regions located to the north of the hole, with reduced number of such regions in the southern side. We identify several clumpy and knotted hot regions towards west of R1 region with very less Hα emission. In R2, there are two major hot clumps which also show Hα. All the hot regions detected in R3 region correlate well with Hα emitting regions. The shapes of the Hα contours also match with the overall distribution pattern of high temperature regions. In R4 region, the detected clumps of hot regions are enveloped by Hα emission. The elongation of the central Hα contour in R4 along west and south is also traced well by the hot regions. The overall good spatial correlation between Hα emitting regions and UV detected hot complexes confirms the presence of massive O and early B type stars in these complexes.
Further, we spatially correlate these hot star forming regions with neutral hydrogen (H I) density map of the galaxy. Since stars are mainly formed from molecular clouds, the presence of hydrogen gas would support the possibility of recent star formation. Kepley et al. (2007) identified a hook like over density pattern in the H I distribution as shown in Figure 14 . The hook shaped magenta contour is found to cover almost all the high temperature regions except those in R1. Therefore, R1 region is found to have many UV detected hot star forming clumps showing Hα emission, (except some part in west - Figure 13 ) but with a relatively low H I density. This may be the result of a vigorous recent star forma- Figure 12 . The (F148W−N245M) color map of the galaxy is shown with different plotted contours. Figure (a) shows the whole galaxy along with the specified position of five regions R1, R2, R3, R4 and R5. The blue, red and green contours are generated for different flux limits signifying different temperature ranges as mentioned in Table 7 . The background image shown here is smoothed and the gray scale denotes the logarithmic value of the CPS ratio for the smoothed image. We have shown zoomed in images for regions R1, R2, R3, R4 and R5 in Figure (b) , (c), (d), (e) and (f) respectively. The blue contoured regions are found to be more fragmented than those in Figure 11 . The hook like magenta contour is the over density pattern reported by Kepley et al. (2007) . The plotted blue, red and green contours are same as shown in Figure 11a . R1 has several UV detected hot star forming regions with less H I density. Other regions (R2, R3, R4 and R5) are found to have dense H I gas.
tion in R1, where the H I gas is ionised/driven away after the star formation. Other hot regions in R2, R3 and R4 are found to have a high column density of H I along with Hα emission.
5.7.
Correlating with HST detected hot stars Bianchi et al. (2012) observed the galaxy WLM with six HST broadband filters (F170W, F255W, F336W, F439W, F555W, F814W) and noticed a richness of stars with age younger than 10 Myr. The bluest band used in their observation is F170W with a bandwidth of 1200 -2400Å. Stars which are bright in F170W band are expected to be hot, young and relatively massive. We spatially correlated the hot regions detected in our study with stars that are brighter than 19 magnitude in F170W band from their photometric catalog. Excluding some part of R3, the regions R1, R2, R3 and R4 are almost fully covered by the three HST fields observed in their study. In Figure 15 we have overlaid these stars on top of (F148W−N263M) color map. The detected stars (cyan box) show a good spatial correlation with the hot star forming regions (blue and red contour) of the galaxy. This confirms that massive young stars are co-located with the high temperature star forming regions identified in our study.
Mass estimation of compact star forming regions
In the UVIT images, some of the star forming regions were found to appear like point sources, due to their small sizes. As these are a good number of them, many of these are likely to be part of WLM, though a small fraction could belong to the background. We assumed all the detected point sources to be the compact star forming regions of the galaxy and performed PSF photometry for estimating their magnitudes. In order to estimate mass, we considered the filters F148W and N263M for which we have simulated the model diagram in Figure 3 . After cross matching the individually detected star forming regions in F148W and N263M filters, we identified 590 common regions. In Figure 16 , we plotted the observed star forming regions (grey points) along with the model curves as previously shown in Figure 3 to estimate the mass of these regions. Most of the detected star forming regions have colors within the model range, whereas we do detect a significant number of sources with bluer colors. These may be due to background sources and hence we consider only those which appear within the model limit. The majority of the compact star forming regions are found to have mass M < 10 3 M with some of them between 10 3 M and 10 4 M . A few regions are found to have M > 10 5 M , but could be older as indicated by their color. Therefore the galaxy WLM is found to have a large number of young low mass compact star forming regions with M < 10 3 M . Since molecular clouds are the sites of star formation, we correlate our results with a recent CO observations of WLM. With the help of ALMA, Rubio et al. (2015) observed two 1 arcmin 2 field in WLM with a spatial resolution of 6.2 pc × 4.3 pc which is comparable with UVIT. They identified 10 CO clouds with an average radius of 2 pc and an average virial mass of 2×10 3 M . In Figure 17 , we have shown the positions of detected CO clouds (green circles) in the two targeted fields (northwest (NW) and south-east (SE)) shown in black square boxes. The same blue and red contours of Figure 11 are also shown to correlate the position of detected molecular clouds with respect to the hot star forming regions. In Figure 18 , we zoom in to these regions where CO clouds are detected (black box of Figure 17) . Along with the spatial position, we show the size and virial mass of each cloud as estimated by Rubio et al. (2015) . The majority of the detected clouds are of low mass (∼ 10 3 M ), which in principle supports our finding of a large number of low mass compact star forming regions in WLM. Again the absence of higher mass molecular clouds could be the reason for the absence of massive compact star forming regions in this galaxy. We further find that eight of the detected CO clouds are found to be present away from the hot star forming regions. The only two clouds which are found to be co-located (there could also be a projection effect) with the hot star forming regions are NW-1 and SE-4, where SE-4 is the most massive cloud detected. Figure 6a . Two black squares (one in north-west (NW) and another in south-east (SE)) are the two 1 arcmin 2 ALMA fields observed by Rubio et al. (2015) for detecting CO clouds. The green circles shown inside the boxes are the position of detected CO clouds.
Correlating with CO observations
Star Formation Rate
In order to estimate the star formation rate (SFR) of WLM, we used the F148W band (FUV) exposure normalized image of the galaxy. We summed up the flux (CPS) within a galactocentric distance of 1.7 kpc, which is the extent of WLM's outer disk as found in section 5.2. The background corrected total flux is converted to magnitude and further corrected for extinction. The background and extinction corrected magnitude is used to calculate the total SFR of the galaxy (M /yr). The corrected FUV flux is found to be 7.0×10 −13 ± 3.6×10
−15 erg/sec/cm 2 /Å and the corresponding magnitude to be 12.12±0.01. We used the scaling relation, given in equation 2 (Karachentsev & Kaisina 2013) , to estimate the SFR, where mag F U V is the corrected FUV magnitude and D is the distance to the galaxy in Mpc. Karachentsev & Kaisina (2013) used this relation to estimate the SFR of a large sample of galaxies in the local volume using GALEX FUV observation. Since F148W filter of UVIT has bandpass similar to GALEX FUV, we used this relation to estimate SFR. The total SFR up to a radial distance 1.7 kpc is found to be 0.008±0.0001 M /yr. This value of SFR could change if we adopt a different scaling relation. For example, if we adopt the empirical relation modelled by McQuinn et al. (2015) , we estimate the SFR of WLM in the range 0.002 -0.006 M /yr.
In order to explore radial variation of SFR within WLM, we generated the radial profile of SFR density (i.e. M /yr/kpc 2 ). The radial variation of SFR density is shown in Figure 19 . The SFR density is found to increase with radius up to 0.4 kpc, resulting in a peak at this radius. The SFR density decreases after 0.4 kpc in the outer part, where the profile is shown up to 2 kpc. The profile also suggests that the SFR density is dominated by regions within a radius of 1 kpc. The relative positions of all the regions (R1, R2, R3, R4) along with the position angle is shown in Figure 20 . This figure shows that most of these regions are located within the 1 kpc radius. We further explored the azimuthal variation of SFR density by taking the radially averaged value up to 2 kpc in Figure 21 . The profile shows two peaks at diametrically opposite values of position angle (∼ 0 o and 180 o ). The peak near PA ∼ 0 o has contribution from the northern regions R4 and R5, whereas the peak at PA ∼ 180 o has contributions from R1, R2 and R3. Figure 21 and 20 suggest that the southern half of the galaxy has a slightly higher SFR density when compared to the northern half.
6. DISCUSSION
The primary objective of this study is to identify hot star forming regions of the dwarf irregular galaxy WLM and map its demographics. We used the UV images of the galaxy acquired from UVIT having a superior spatial resolution (∼ 1.5 arcsec). The hot star forming regions are identified from the UV color maps with the help of temperature -flux ratio relation derived from Kurucz spectra. We point out that this relation may change for any corresponding change in the assumed value of metallicity, extinction and surface gravity of stars. We demonstrate that the change of metallicity value between 0.002 to 0.006 has negligible effect on the flux ratio, hence on the measured temperature. On the other hand, the estimated parameters will have a dependence on the assumed extinction and its variation. Figure 2a shows the range of temperature for a given flux ratio, for various extinction laws. It also suggests that the uncertainty in temperature due to extinction is more for a higher temperature.
For any dwarf galaxy, feedback from massive stars act as one of the dominant mechanisms for driving star formation. According to the study of Dolphin (2000) , WLM formed half of its stars, 9 Gyr ago and shows a reduction in star formation rate after that. They also found the star forming activity to increase around 1 to 2.5 Gyr, which continued till now. Bianchi et al. (2012) found the galaxy to undergo a vigorous star formation during the last 10 Myr. They found 531 stars with temperature T > 18000 K and 721 stars having M > 9 M . In this study, we detect several hot regions with T > 35000 K, which are likely to be populated by O type stars. As the life time of these stars are ∼ 10 Myr, this would suggest that WLM has undergone a recent star formation activity with the production of massive stars. We also notice the hot regions to be surrounded by relatively cooler regions, suggestive of hierarchical structure. These are in agreement with the findings of Bianchi et al. (2012) . We identified around 20 hot complexes with a size of 20 -50 pc and more than 50 complexes with a size of 10 -20 pc. Regions with size < 10 pc are found to be large in number (upto a few hundred) and scattered over a larger area of the galaxy. The smaller regions have less masses and are likely to be populated by a few OB stars, whereas the larger ones are likely to be complexes consisting of two or more associations of the galaxy. Our study finds that WLM is dominated by small sized regions, with the largest complex not exceeding 50 pc.
It is well known that the star formation creates hierarchical structures comprising of star clusters, OB associations, and complexes (Efremov & Elmegreen 1998; Bastian et al. 2007; Sun et al. 2018) . These structures are found to have various sizes and density in various environments (Elmegreen et al. 2014; Grasha et al. 2017) . Bresolin et al. (1998) studied OB associations in 7 nearby spiral galaxies using HST-WFPC2 data and found a size range of ∼ 70 -100 pc. For nearby irregular galaxies, the size of OB associations are reported to be ∼ 80 pc by Ivanov (1996) . Mel 'Nik & Efremov (1995) found relatively smaller size (∼ 10 -80 pc, with a peak around 30 pc) for galactic OB association whereas for LMC and SMC, it is around 60 pc (Bresolin et al. 1996) . Bastian et al. (2007) noticed the star formation in M33 to be hierarchical in nature with a size distribution of young stellar complexes between 10 -100 pc. Garcia et al. (2010) studied IC 1613, a similar nearby dwarf irregular galaxy like WLM, and concluded the star formation to be hierarchical with no specific length scale. The identified OB associations in their study show a size ∼ 14 -42 pc which is quite similar to our findings in WLM. Garcia et al. (2010) also found 44% of the total associations are smaller in size. Several studies conclude that the size of these detected associations is highly dependent on the resolution of telescope and the distance to the galaxy (Garcia et al. 2010; Bastian et al. 2007 ). Due to the better spatial resolution of UVIT we are able to detect smaller substructures of the star forming regions present in the galaxy, when compared to GALEX. The overall sizes of OB associations in WLM, detected through UVIT are found to be quite similar to those in IC 1613 (nearby dwarf irregular), but smaller than those in M33 (nearby spiral) and the Milky Way.
Around most of the larger hot complexes we detect the presence of several smaller regions connected together by low temperature contours. This brings out the clumpy nature of star forming regions in WLM. The feedback from the massive stars (large hot complex) may have triggered further star formation near to them which results in these clumpy distribution of young star forming regions. It is also noticed that relatively low temperature regions are much more spread than the hot regions which is also mentioned in the study by Bianchi et al. (2012) . The star forming regions also show several knotted structures, specifically in R1. The overall distribution of detected hot star forming regions throughout the galaxy clearly reveals that the southern part of the galaxy is much more active than its northern part. The hot star forming regions detected in (F148W−N245M) color map are found to be more fragmented than those seen in (F148W−N263M) color map. A clumpy distribution of either the young stellar objects or the dust or both of them present in the galaxy can result in these observed structural differences.
We also studied the extent of UV emission in WLM. It is noticed that the NUV emission as traced by N245M and N263M filters is more extended than the FUV emission. Since the FUV emission mainly comes from the younger stellar populations, it is probable that the populations present in the outer part of the galaxy are relatively older than those of inner part. The luminosity density profile clearly shows that the UV emission of the galaxy is present at least up to a radius 1.7 kpc.
A high resolution H I study by Kepley et al. (2007) revealed the presence of a hook like structure in H I distribution. They speculated that an expanding ring like structure has broken in the western part and generated this hook like pattern. They concluded that this structure is likely to be the result of star formation propagating outside from the center of the galaxy. The hot regions detected in our study delineate this hook structure except in the western part (i.e. in R1). The H I density shows an overall reduction in R1 whereas we see intense Hα emission with a central hole in the same region. On the basis of this scenario Kepley et al. (2007) concluded that H I is likely to be used up or ionized or destroyed due to high rate of star formation in this part of the galaxy. In our study we detected several knotted structures of hot star forming regions in R1 which signify the presence of several OB stars. This region also has one of the three most luminous star forming complexes (see Figure 6 ). This L-shaped complex is located to the north and is suggestive of intense recent star formation. We also notice the presence of hot star forming regions forming an arc like shape, located to the west of the H-alpha ring (see Figure 13 ). This might suggest that the H-alpha emission is shrinking towards the inner hole, in the eastern side. The western arc like structure could be relatively older with respect to the northern complex. The radiation from these OB stars has probably driven/consumed the H I gas present there, which supports the scenario of Kepley et al. (2007) .
In a recent study with ALMA observations, Rubio et al. (2015) detected several CO clouds with sizes ranging from 3 to 12 pc in diameter. The smaller hot star forming regions (i.e. clusters or OB associations) identified in our study have an average size from 4 -20 pc, with most of them with sizes < 10 pc. The comparable size of CO clouds and hot star forming regions suggest that star formation happens in smaller molecular clouds in this galaxy. The masses estimated for the compact star forming regions detected in this study also match well with the mass of the CO clouds, confirming the formation of low mass stellar clumps.
We estimated the total FUV magnitude to be 12.12±0.01 magnitude, corresponding to a SFR of ∼0.008±0.0001 M /yr. As mentioned earlier, the value of SFR is a function of the scaling relation and could change if a different relation is used. Earlier estimations by Karachentsev & Kaisina (2013) and Hunter et al. (2010) using GALEX FUV observations are comparable. Though SFR of WLM is less compared to that of Milky way (1.9±0.4 M /yr (Chomiuk & Povich 2011) ), the value of specific SFR (sSFR = SFR/Stellar mass of galaxy) of WLM is 16 times higher than that of Milky Way. For the total stellar mass of WLM (1.6 × 10 7 M (Zhang et al. 2012) ) and Milky Way ((6.4±0.6)×10
10 M (McMillan 2011)), the estimated values of sSFR are 5.0 × 10 −10 and 3.0 × 10 −11 yr −1 respectively. Therefore being a dwarf irregular galaxy, WLM is able to form stars in a relatively higher rate than Milky way (Rubio et al. 2015) .
SUMMARY
The main results of this study are summarized below:
1. The UVIT images in FUV and NUV are used to study the demographics of the star forming regions in WLM.
2. The UV emission of WLM is found to be present up to a galactocentric distance of 1.7 kpc, with most of the flux originating within a radius of 1 kpc.
3. We divided the galaxy into 5 different regions to compare the demographics and identify three most luminous and massive star forming complexes, with the largest one extending not more than 50pc.
4. The hot star forming regions with T > 17500 K (populated with OB stars) have a range in size, with a few tens of regions in the 20-50 pc range and a few hundred regions with < 10 pc size.
5. The hot stellar regions are found to be surrounded by regions with cooler stars, suggesting a hierarchical nature of distribution.
6. The presence of several hot regions suggest that the galaxy underwent a recent star formation ∼ 10 Myr ago.
7. We find a good spatial correlation between UV detected hot regions with Hα emitting regions, H I distribution and HST detected massive stars in the galaxy. The western part (R1) of the galaxy is likely to have undergone a vigorous recent star formation.
8. The sizes and masses of isolated star forming regions closely match with those of CO clouds estimated using ALMA observations. WLM is found to have a large number of low mass (M < 10 3 M ) compact star forming regions.
9. The star formation in the southern part of the galaxy is more active than the northern part. The SFR of the galaxy is ∼ 0.008 M /yr, which is similar to that found in other dwarf galaxies.
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